INTRODUCTION
============

A recent guideline on the treatment of blood cholesterol recommends the use of a high-intensity statin for individuals in four major statin-benefit groups to reduce the risk of cardiovascular disease \[[@B1]\]. However, the use of high-intensity statins can cause myopathy, elevated liver function, and new-onset diabetes \[[@B2]\]. Therefore, there has been an ongoing need for a new lipid-lowering drug with few side effects, strong cholesterol lowering efficacy, and protection against cardiovascular events. Ezetimibe is a new class of lipid-lowering drug that inhibits cholesterol absorption in the small intestine through direct binding with Niemann-Pick C1-Like 1 \[[@B3]\]. A recent study demonstrated that the addition of ezetimibe to a statin further lowered low density lipoprotein cholesterol (LDL-C) level compared with statin monotherapy. In addition, the combination of ezetimibe and a statin showed additional cardiovascular benefits \[[@B4]\].

Apolipoprotein B (apoB) and apolipoprotein A1 (apoA1) are major apolipoproteins in atherogenic lipoprotein particles and high density lipoprotein (HDL), respectively \[[@B5]\]. Many clinical studies have suggested that apoB and apoA1 predict cardiovascular risk better than conventional lipid parameters, including LDL-C and HDL cholesterol (HDL-C) \[[@B6]\]. Moreover, the ratio of these two apolipoproteins, the apoB/A1 ratio, illustrates the balance between atherogenic and anti-atherogenic lipoproteins. Several large prospective studies have shown that the apoB/A1 ratio is a more powerful predictor of future cardiovascular disease than conventional lipid parameters \[[@B7]\].

Therefore, our aim in this study was to compare the efficacy of daily 20 mg rosuvastatin monotherapy with that of daily 5 mg rosuvastatin/10 mg ezetimibe combination therapy daily on lipid parameters, including apoB/A1 ratio, in patients with type 2 diabetes mellitus (T2DM).

METHODS
=======

Study subjects
--------------

Patients with T2DM (age ≥20 years) and LDL-C ≥130 mg/dL at baseline were enrolled. Exclusion criteria were treatment with a lipid lowering drug within 3 months of randomization, use of thiazolidinediones or insulin within 3 months before randomization, major cardiovascular events within 3 months of randomization, serum creatinine level ≥1.5 mg/dL, liver transaminases ≥2×upper normal limit, uncontrolled hyperthyroidism or hypothyroidism, and women who were pregnant or lactating. Of the 43 screened patients with T2DM, one patient was excluded, and 42 were enrolled in this study (intention-to-treat population). Among those 42 patients, six were lost to follow-up and did not complete the study, leaving the 36 patients eligible for the per-protocol analysis.

This study was carried out in compliance with the Declaration of Helsinki. Informed written consent was obtained from all participants, and the study was approved by the Internal Review Board (IRB) of Kyung Hee University Hospital at Gangdong (KHNMC IRB 2011-018).

Study design
------------

This was a single center, open-label, randomized, active-controlled, parallel group study. The duration of the study was 7 consecutive weeks, including a 1-week screening period and a 6-week active-treatment phase. Based on previous studies performed in Korea \[[@B8]\], patients were allocated to either the rosuvastatin monotherapy group (20 mg/day) or the ezetimibe (10 mg/day) and rosuvastatin (5 mg/day) free combination group to achieve comparable LDL-C reduction. Together with lipid-lowering medications, all participants were educated about life-style intervention, including diet and exercise.

Clinical and laboratory examination
-----------------------------------

Comprehensive physical examinations were performed at baseline, and personal medical histories, including smoking status and alcohol drinking, were assessed using a questionnaire. Body mass index was calculated as the weight divided by the square of height (kg/m^2^). Waist circumference was measured at the midline between the iliac crest and the rib edge in a standing position. After participants rested for at least 5 minutes, their blood pressure was measured in a seated position with an automatic sphygmomanometer.

All blood tests were determined after an overnight fast of more than 8 hours. Using an autoanalyzer, plasma glucose was measured by the hexokinase method (Hitachi, Tokyo, Japan), which had a coefficient of variation of 1.7%. Plasma insulin was measured by radioimmunoassay (Biosource, Nivelles, Belgium), which had intra- and inter-assay CVs of 1.6% to 2.2% and 2.3% to 3.0%, respectively. To estimate insulin sensitivity and insulin secretory capacity, the homeostasis model assessment of insulin resistance (HOMA-IR) and homeostasis model assessment of beta cell function % (HOMA-B%) were calculated based on fasting plasma insulin and glucose levels, respectively \[[@B9]\]. The glycosylated hemoglobin (HbA1c) level was measured by high-performance liquid chromatography. The standard enzymatic (colorimetric) method was used with an autoanalyzer (Hitachi) to measure total cholesterol, triglycerides, HDL-C, and LDL-C. Plasma apoB and apoA1 concentrations were measured by the rate nephelometry method (Roche Diagnostics, Mannheim, Germany), and high-sensitivity C-reactive protein (hsCRP) was measured by the immunoturbidimetry method (Roche Diagnostics) using an autoanalyzer (Hitachi 7600). Plasma free fatty acid (FFA) concentration was measured by the colorimetric method (Wako Chemicals, Richmond, VA, USA).

Statistical analysis
--------------------

The primary end-point was change in apoB/A1 ratio from baseline to the end of the 6-week treatment. Secondary end-points were changes in lipid parameter (total cholesterol, triglycerides, HDL-C, LDL-C, apoB, apoA1, FFAs, HOMA-IR, and hsCRP levels). Based on the results from a randomized study that investigated the effects of different lipid-lowering regimens on apoB/A1 ratio \[[@B10]\], the minimum number of evaluable cases per group was 19 subjects to ensure a power of 80% and a significance level of 5%. Considering a dropout rate of 10%, a total of 42 randomized subjects were planned.

Data are expressed as mean±SD for continuous measures or as proportions for categorical variables, except for skewed continuous variables, which are presented as the median (interquartile range, 25% to 75%). To compare differences between groups, the Mann-Whitney test and chi-square test or Fisher\'s exact test were used for continuous variables and categorical variables, respectively. All statistical analyses were performed with PASW version 18.0 (SPSS Inc., Chicago, IL, USA). A *P*\<0.05 was considered significant.

RESULTS
=======

Patient characteristics (intention-to-treat population)
-------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the baseline characteristics of the study participants who were enrolled in this study. The mean age was 51.7 years and 64.2% were male. All variables were well matched, and there were no initial differences between the two groups, including baseline lipid parameters except triglycerides.

Changes in lipid parameters (per-protocol population)
-----------------------------------------------------

After 6 weeks of treatment, LDL-C had decreased significantly in both the rosuvastatin group and the rosuvastatin and ezetimibe group (all *P*\<0.001); however, no difference was observed in LDL-C reduction between the two groups (*P*=0.54). In addition, changes in apoB level and apoB/A1 ratio were similar between the two groups after 6 weeks of treatment (*P*=0.86 and *P*=0.58, respectively). However, both triglyceride and FFA levels decreased only in the rosuvastatin and ezetimibe group (all *P*\<0.01), indicating significant differences between the two groups (*P*=0.01 and *P*=0.049, respectively) ([Table 2](#T2){ref-type="table"}). In addition, there were significant differences in the percent changes in triglyceride (−6.6% in the rosuvastatin group and −32.6% in the rosuvastatin and ezetimibe group, *P*=0.036) and FFA levels (0.0% in the rosuvastatin group and −25.9% in the rosuvastatin and ezetimibe group, *P*=0.046) between the two groups after treatment.

Changes in other parameters and safety profiles (per-protocol population)
-------------------------------------------------------------------------

After 6 weeks of treatment, no changes were observed in blood pressure, fasting plasma glucose, HbA1c, or insulin sensitivity as measured by HOMA-IR in either group. In addition, the level of the inflammatory marker hsCRP did not decrease in either group, with no significant difference between the two groups after treatment.

Both treatments were generally well tolerated. A mild increase in liver enzyme levels was observed in both groups (≤2.5×upper normal limit). In addition, muscle enzyme levels increased in four subjects in the rosuvastatin group (≤2.5×upper normal limit) ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

In this 6-week prospective randomized controlled trial, low-dose rosuvastatin 5 and 10 mg ezetimibe combination therapy provided results comparable to high-dose rosuvastatin 20 mg monotherapy for the reduction of LDL-C, non-HDL-C, apoB, and apoB/A1 ratio in patients with T2DM. Both lipid lowering regimens were generally well tolerated, and no significant liver or muscle enzyme elevations were noted. In addition, reductions in triglycerides and FFAs were greater in the rosuvastatin/ezetimibe combination therapy group than in the rosuvastatin monotherapy group.

Previous studies that examined the efficacy of ezetimibe have mainly (1) compared it with placebo; (2) compared it with a statin; or (3) added it to a statin regimen. The first two of those designs are unlikely to produce clinically useful data because the cholesterol-lowering effect of ezetimibe is relatively weak compared to that of the statins \[[@B11]\], and the cardioprotective effects of statins have been established in diverse clinical settings \[[@B1]\]. Therefore, ezetimibe monotherapy is not usually prescribed. The addition of ezetimibe to a statin could be a good option to further lower LDL-C level, and a recent study has demonstrated the additional cardioprotective effects of statin/ezetimibe combination therapy compared with statin monotherapy \[[@B4]\]. However, side effects seen with statin treatment are directly related to statin dosage \[[@B12]\]. Moreover, a recent meta-analysis showed that the risk of hemorrhagic stroke is inversely related to total and LDL-C levels \[[@B13]\]. Given those safety issues, we tried reducing the statin dosage and adding ezetimibe in the hope of achieving LDL-C reduction comparable to that from high-dose statin monotherapy.

Based on previous studies \[[@B8][@B10][@B14][@B15]\] and our results, adding 10 mg of ezetimibe can allow the statin dosage to be reduced to one-fourth to one-eighth of the standard dose while still achieving equivalent total and LDL-C reduction. In our study, apolipoprotein level and apoB/A1 ratio did not differ between the low-dose rosuvastatin/ezetimibe combination therapy and the high-dose rosuvastatin monotherapy. Those results do not agree with the results from a previous study that showed a greater apoB/A1 lowering effect from 5 mg/5 mg atorvastatin/ezetimibe combination therapy than from 20 mg atorvastatin monotherapy in patients without familial hypercholesterolemia or diabetes mellitus \[[@B10]\]. We do not know the exact reason for that difference, but the use of different statins (atorvastatin vs. rosuvastatin), different ezetimibe doses (5 mg vs. 10 mg daily), and different patient populations (non-diabetics vs. diabetics) are all possible explanations.

Although we did not observe any differences in apolipoprotein level or apoB/A1 ratio, triglyceride and FFA reductions were greater in the combination group than in the monotherapy group. In contrast, previous studies have shown that the reduction in triglycerides was similar between low-dose statin/ezetimibe combination therapy and high-dose statin monotherapy \[[@B8][@B14]\]. In a study performed in individuals with primary hypercholesterolemia, the median change in triglycerides was identical between 5 mg/5 mg atorvastatin/ezetimibe combination therapy group and the 80 mg atorvastatin monotherapy group along with similar LDL-C reduction \[[@B14]\]. Another study performed in Korean subjects with high cardiovascular risk and the same lipid-lowering regimens that we used in this study found that the reduction in triglycerides was similar between the two groups \[[@B8]\]. The difference between that study and this one was the patient population (non-diabetics vs. diabetics), so further studies are warranted to determine the efficacy of ezetimibe for triglyceride reduction in subjects with and without diabetes.

FFAs are a major energy source in the body that originate from adipose tissue during lipolysis of triglycerides. Elevated plasma FFA concentration is closely related to cardiometabolic risk factors, including oxidative stress, insulin resistance, inflammation, atherosclerosis, and cardiovascular disease \[[@B16]\]. In a prospective cohort of 3,315 white individuals, FFA level was an independent predictor of all-cause and cardiovascular mortality in subjects with angiographically-proven coronary artery disease during a median 5.4 years of follow-up \[[@B17]\]. In addition, plasma FFA concentration was independently associated with incident heart failure in 4,248 adults \>65 years old in the Cardiovascular Health Study \[[@B18]\]. Regarding the effect of lipid-lowering medications on plasma FFA concentration, a meta-analysis of data from 14 treatment arms showed that statin treatment significantly reduced plasma FFA concentration; however, change in plasma FFA concentration was independent of treatment duration and degree of LDL-C reduction \[[@B19]\]. In contrast, reports on the effect of ezetimibe on plasma FFA concentration have been inconsistent \[[@B20][@B21][@B22]\]. In a small study of individuals with isolated hypercholesterolemia, a 3-month treatment with ezetimibe failed to show a further reduction in plasma FFA concentration compared with a lifestyle-modification-only group \[[@B20]\]. However, 40 mg/10 mg simvastatin/ezetimibe combination therapy for 12 weeks was more efficacious than 40 mg simvastatin monotherapy in plasma FFA reduction \[[@B21]\]. Furthermore, a study of patients with T2DM showed that a 6-month treatment of 10 mg ezetimibe was superior to 5 mg atorvastatin in plasma FFA reduction despite the superior total and LDL-C reduction in the atorvastatin group \[[@B22]\].

A recent study suggested that statin treatment, especially the use of high dosage, increased the risk of new-onset diabetes \[[@B23]\]. On the other hand, adding ezetimibe to a statin had a neutral effect on glucose tolerance and did not increase diabetes risk in individuals with prediabetes \[[@B24]\]. If those results are accurate, a low-intensity statin plus ezetimibe combination therapy could reduce the risk of incident diabetes while providing LDL-C lowering ability similar to that with a high-intensity statin regimen. In this study, fasting plasma glucose and HbA1c levels and HOMA indices were similar between the two groups after a 6-week treatment. Therefore, although we could not confirm the effect of ezetimibe on glucose tolerance because of our small sample and short-term follow-up, it would be interesting to determine the effect of a low-intensity statin plus ezetimibe combination therapy on glucose metabolism in individuals with a high risk of incident diabetes or prevalent diabetes.

This study has several limitations. First, it is small, with a short-term treatment period. Thus, subsequent long-term follow-up studies with a larger sample are necessary to confirm our findings. Second, we did not determine the effects of other statin and ezetimibe combination therapies on lipid parameters (apoB/A1 ratio, triglycerides, and FFA). Third, although triglyceride and FFA concentrations decreased more in the combination group than in the monotherapy group, it is still unknown whether the low-intensity statin with ezetimibe combination therapy provides additional cardiovascular benefits over high-intensity statin monotherapy. Therefore, a cardiovascular outcome study is needed to confirm the clinical significance of our findings.

In conclusion, 6 weeks of daily combination therapy with 5 mg/10 mg rosuvastatin/ezetimibe showed LDL-C and apoB/A1 ratio reduction comparable to that from 6 weeks of daily 20 mg rosuvastatin monotherapy in patients with T2DM. Reductions in triglycerides and FFAs were greater in the combination group than in the rosuvastatin monotherapy group. In addition, both treatments were generally well tolerated and did not cause significant side effects.
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###### Baseline characteristics of study participants (intention-to-treat population)

![](dmj-43-582-i001)

  Characteristic                    Rosuvastatin 20 mg/day (*n*=21)   Rosuvastatin 5 mg+ ezetimibe 10 mg/day (*n*=21)   *P* value
  --------------------------------- --------------------------------- ------------------------------------------------- -----------
  Age, yr                           53.0±11.5                         50.4±11.6                                         0.48
  Male sex                          66.7 (14)                         61.9 (13)                                         0.75
  Current smoking, %                33.3 (7)                          33.3 (7)                                          1.00
  Alcohol drinking, %               28.6 (6)                          33.3 (7)                                          0.74
  Body mass index, kg/m^2^          25.3±3.0                          25.9±3.6                                          0.55
  Waist circumference, cm           88.5±10.2                         90.7±11.0                                         0.51
  Systolic blood pressure, mm Hg    129.2±11.9                        128.3±12.6                                        0.81
  Diastolic blood pressure, mm Hg   78.2±7.8                          77.4±11.7                                         0.79
  Total cholesterol, mg/dL          234.9±26.9                        236.5±29.5                                        0.85
  Triglycerides, mg/dL              135.5±43.7                        173.1±64.1                                        0.03
  HDL-C, mg/dL                      49.4±10.9                         47.7±10.1                                         0.59
  LDL-C, mg/dL                      154.2±14.5                        156.8±24.2                                        0.68
  Non-HDL-C, mg/dL                  185.4±25.1                        188.8±30.6                                        0.70
  ApoB, mg/dL                       128.8±14.0                        134.9±24.3                                        0.32
  ApoA1, mg/dL                      150.9±23.3                        152.8±31.2                                        0.82
  ApoB/A1                           0.87±0.16                         0.93±0.31                                         0.46
  Fasting plasma glucose, mg/dL     142.9±41.8                        144.6±52.2                                        0.91
  Fasting plasma insulin, μIU/mL    9.9 (7.3--12.5)                   9.3 (8.2--11.9)                                   0.89
  HbA1c, %                          7.5±1.8                           7.4±1.7                                           0.87
  HOMA-IR                           3.36 (2.31--4.24)                 3.11 (2.53--4.34)                                 0.87
  HOMA-B%                           20.6 (16.3--31.6)                 20.8 (17.1--26.2)                                 0.92
  High-sensitivity CRP, mg/L        0.91 (0.50--2.66)                 0.64 (0.46--1.45)                                 0.57
  Lp(a), mg/mL                      9.4 (4.9--19.7)                   13.7 (5.1--28.1)                                  0.57
  Free fatty acids, μEq/L           689.7±225.5                       693.5±274.3                                       0.96

Values are presented as mean±standard deviation, percentage (number), or median (interquartile range).

HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ApoB, apolipoprotein B; ApoA1, apolipoprotein A1; HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-B%, homeostasis model assessment of beta cell function %; CRP, C-reactive protein; Lp(a), lipoprotein(a).

###### Changes in lipid parameters after 6 weeks treatment (per-protocol population)
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  Variable                   Rosuvastatin 20 mg/day (*n*=20)   Rosuvastatin 5 mg+ezetimibe 10 mg/day (*n*=16)   *P* value
  -------------------------- --------------------------------- ------------------------------------------------ -----------
  Total cholesterol, mg/dL   −99.0±28.0^a^                     −98.4±28.7^a^                                    0.77
  Triglycerides, mg/dL       −10.5 (−37.5 to 29.5)             −49.5 (−108.5 to −27.5)^a^                       0.01
  HDL-C, mg/dL               0.5 (−3.0 to 6.8)                 −0.5 (−1/8 to 7.5)                               0.99
  LDL-C, mg/dL               −94.3±15.4^a^                     −89.9±22.7^a^                                    0.54
  Non-HDL-C, mg/dL           −100.8±25.7^a^                    −98.9±26.3^a^                                    0.79
  ApoB, mg/dL                −62.0±20.9^a^                     −66.8±21.6^a^                                    0.86
  ApoA1, mg/dL               8.0 (−1.8 to 21.0)^b^             5.0 (−14.8 to 15.0)                              0.20
  ApoB/A1                    −0.44 (−0.56 to −0.34)^a^         −0.38 (−0.54 to −0.32)^a^                        0.58
  Lp(a), mg/mL               0.50 (−0.93 to 4.60)              0.00 (−5.08 to 7.13)                             0.67
  Free fatty acids, μEq/L    0.0 (−136.8 to 146.0)             −170.5 (−353.0 to 0.8)^c^                        0.05

Values are presented as mean±standard deviation or median (interquartile range).

HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ApoB, apolipoprotein B; ApoA1, apolipoprotein A1; Lp(a), lipoprotein(a).

^a^*P*\<0.001, ^b^*P*\<0.05, ^c^*P*\<0.01 for before and after treatment comparisons.

###### Changes in other parameters after 6 weeks of treatment (per-protocol population)
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  Variable                          Rosuvastatin 20 mg/day (*n*=20)   Rosuvastatin 5 mg+ezetimibe 10 mg/day (*n*=16)   *P* value
  --------------------------------- --------------------------------- ------------------------------------------------ -----------
  Systolic blood pressure, mm Hg    −5.0 (−7.8 to 3.5)                −4.5 (−15.5 to 4.3)                              0.99
  Diastolic blood pressure, mm Hg   −0.5 (−5.0 to 2.8)                1.0 (−6.8 to 6.0)                                0.81
  Body mass index, kg/m^2^          −0.1 (−0.7 to 0.2)                0.0 (−0.7 to 0.3)                                0.79
  Waist circumference, cm           0.0 (−2.0 to 2.0)                 −0.9 (−2.6 to 2.5)                               0.67
  Fasting plasma glucose, mg/dL     −1.0 (−12.3 to 12.0)              −2.0 (−41.3 to 10.8)                             0.50
  Fasting plasma insulin, μIU/mL    0.1 (−2.0 to 1.3)                 0.3 (−1.1 to 1.5)                                0.84
  HbA1c, %                          −0.2 (−0.7 to 0.3)                −0.3 (−0.8 to 0.2)                               0.54
  HOMA-IR                           0.00 (−1.12 to 0.88)              −0.23 (−1.50 to 0.36)                            0.39
  HOMA-B%                           0.0 (−4.1 to 3.7)                 −0.3 (−4.1 to 8.9)                               0.79
  High-sensitivity CRP, mg/L        −0.49 (−1.17 to 0.18)             −0.15 (−0.38 to 0.16)                            0.35
  Abnormal liver function test, %   15.0 (3)                          12.5 (2)                                         1.00
  Myalgia, %                        0                                 0                                                1.00
  Creatine kinase ≥UNL, %           20.0 (4)                          0                                                0.11

Values are presented as median (interquartile range) or percentage (number).

HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-B%, homeostasis model assessment of beta cell function %; CRP, C-reactive protein; UNL, upper normal limit.
